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USER INSTRUCTIONS

- Check BBC micro Model B, monitor and disk-drive
are connected and switched on.

- Insert disk, label uppermost, into disk-drive. (O
drive if a double drive system).

- Hold the SHIFT key down and press and release
the BREAK key.

- The menu of contents will now appear, and invite
you to key in the number for the program of your
choice.

COPYRIGHT (c) CET 1986

This package, both text and computer programs (except the
Student's  Notes booklet), are fully protected by
international copyright. If you make a copy and allow
anyone else to retain it (even if you give it to them), you
are committing an offence and will be liable to
prosecution. However, you are advised that one back-up
copy of the disk may be made for your own use, and the
original retained in a secure place by the purchasing
institution.

Production and distribution is' by Capital Media whose
policy is to make good educational software available to
schools at the lowest possible price commensurate with a
high standard of product and service.

Additional packs available from: Capital Media, c/o ILECC,
John Ruskin Street, London SE5 OPQ.
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BULB TEST

Introduction

The aim of this program is to give experience of random
and non-random events. The context in which the activity
is presented is as follows:

A manufacturer of light bulbs is testing them twenty at a
time, in special bulb testers. The bulbs are left alight
until they burn out. [t is suspected that some bulb
testers are defective and cause the bulbs to burn out in a
non-random (biased or predictable) order. The student
must produce a report on each of the twelve bulb testers,
indicating the nature of any defects detected.

The program allows the following options:

Black/White The program uses different screen colours
or Colour depending on whether the Black/White or
Colour version is selected.

Sound Levels 0 - 3, silent to loud

Difficulty There are three levels of difficulty which
Levels correspond to different ways of starting
the sequence of bulb burn-outs.

Level 1 The random number generator seed is re
(Easy) set to the same fixed value each run.
Thus the sequence is always the same for
a given bulb tester.



Level 2
(Medium)

Level 3
(Hard)

Speed Levels
1-3
0

Freeze
facility

Label facility

The random number generator seed is re
set to the same initially randomly
selected number for each run. This
means that repeats of the same sequence
occur when using the program repeatedly
but when the program is called up again
via the menu program (using SHIFT-
BREAK) a different sequence will usually
be initiated.

The random number generator seed is re
set to a randomly selected number for
every re-run. Sequences will not be
repeated, except by chance (which will be
uncommon).

Slow to fast.

Single step. In this mode after each bulb
has burnt out the sequence stops until S
is pressed to start it again.

Pressing F during a run freezes the
screen and pressing U unfreezes it again.

It may be necessary to hold F down for 2
seconds or so to activate the freezing.
Only pressing U can then unfreeze it.

Pressing L during a run causes the 20
bulbs in the bulb tester to be labelled
with letters 'a' to 't'. The user should
hold down L for up to 2 seconds, until
the labelling appears.
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Speedu
facil?ty

If a slower speed (1 or 2) has been selec-
ted, then holding down S will speed up

the program until S is released again.

Characteristics of burn-out patterns for the bulb testers

Bulb Tester

Description

1

10
11

12

Determined by a fixed set of data. Bulbs
burn out in adjacent order.

Determined by a fixed set of data. Bulbs
burn out in diagonal order.

Random.

Determined by a fixed set of data. Outer
bulbs and inner bulbs usually burn out one
group at a time.

Bulbs burn out one column at a time (order
of columns random, order within a column
also random).

Determined by a fixed set of data. Bulbs
burn out in clusters.

Random.

Determined by a fixed set of data. No two
adjacent bulbs (horizontal, vertical, diagonal)
burn out one after the other.

Random.
Random.

Bulbs burn out in symmetrical pairs
(rotational symmetry, order 2), but order is
otherwise random.

Tendency for bulbs in lower half to burn out
first.
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Using the program

It is recommended that the teacher introduce this work,
explaining carefully what is required of pupils. A
worksheet and a results sheet are provided, the worksheet
recommends difficulty level 1 (i.e., the fixed sequence),
which ensures that all pupils on all occasions will get the
same results. The aim is to move on to the other levels.
Class or group discussion is needed from time to time for
pupils to gain as much as possible from this exercise.
With careful preparation and handling by the teacher, the
program can provide the means for lively discussion and
investigation. Some tests of randomness might be devised
by the pupils and the bulb testers evaluated in the light
of these.

Technical notes

The bulbs burn-out sequences for some of the bulb testers
are determined by the pseudo-random numbers generated
by the computer. However, bulb testers 1, 2, 4, 6, 8 all
use fixed sets of numbers stored on DATA lines 3010 to
3050 of the main program ('BULBS3'). In each case the
data consists of 20 X,y co-ordinate pairs specifying each
of the 20 bulbs. With level 1 selected the data pairs are
chosen in sequence beginning with the first pair in the
set. With levels 2 and 3, pairs are chosen in sequence
but may commence with any of the 20 pairs, reverting to
the first pair on the data list after the 20th pair in the
list has been reached.

The data lists may be altered by the teacher but the line
numbers should be left unaltered as they are referenced
at line 300 of the program.



THE CIA

The Cointosser Invention Analyser

Introduction

The aim of this program is to explore the random
behaviour of cointossing. In order to make this more
interesting and useful the pupils are asked to analyse
sequences of Heads and Tails supposedly generated by fair
cointossing machines: most sequences exhibit very 'unfair'
properties. The pupils must reach conclusions about the
eight cointossing machines simulated by the computer
program. However, prior to this, it is essential to
introduce some important ideas. This work can be
undertaken with pupils 11 years old and upwards.

The following schedule is proposed:

1 a) Pass round to each pupil (or pair) CIA sheet 1.
Explain carefully what a run is and how it is
measured.

Example: HHTTTTHTT consists of four separate
runs, namely: HH then TTTT then H then TT.
The lengths of these runs are 2, 4, 1 and 2
respectively.

b)  Ask pupils to complete the table for the six sets
of data supplied.

c) Discuss whether they think a fair cointosser would
be likely to produce any of the patterns given.
Ask what is wrong (if anything) with them.



d) Get the pupils to write some brief comments
about each pattern.

e) Then get the pupils to generate their own data
(20 tosses) to be entered in as data set 7 and
similarly analysed.

f)  Display on the board analyses of all the pupil-
generated data (i.e., the four statistics Heads,
Tails, Number of runs, Longest run).

g) Discuss what seem to be 'normal' Ilimits for
maximum/minimum values for the four statistics.
You may well decide to reject one or two
extreme values as being exceptional. The purpose
is to arrive at some measure whereby the fairness
of a cointosser can be judged. Although 18H and
2T is quite possible, it is very unlikely and would
be taken as evidence of bias. Deciding just
"where to draw the line" is one of the main
purposes of this work; the other is to introduce
the idea of 'runs' and to bring out through
discussion the terms 'fair', 'biased', 'random’, etc.

Working with only 20 cointosses is rather restrictive but
doing 100 tosses and analysing the data is rather time-
consuming and may be boring. Thus at this stage the
CIA program can begin to be used. The object is to
get data for 100 cointosses by using the 'PLAYFAIR!
machine. This familiarises the pupils with the CIA
program.,

a) Hand out CIA sheets 2 and 3 which pupils should
complete either using coins or the CIA program
(for which CIA sheet 4 would be needed).



b)

Discuss the results as for 1l(g) and ensure that the
pupils make a note of what values the class

decides are reasonable and what are evidence of
bias/non-randomness.

3 The main phase of the work can now be undertaken.

a)

b)

The
cointossing machines:

Hand out CIA sheets 5, 6 and 7.

Ask pupils to follow the instructions on CIA sheet
5 and investigate the nature of the cointossing
machines, using CIA sheet 6 to record any data
they wish, and entering their reports on CIA sheet
Tz

following are the characteristics of the eight

Notes on Machine Characteristics

Machine Behaviour

1 Bonker Usually alternates - gives too many runs, too
few long runs.

2 Dumbo Usually repeats previous outcome - gives too
few runs, too many long runs.

3 Flipper Fair.

4 Loopy Run length never exceeds 2, so too many
runs, too few long runs. Tends to alternate.

5 Robot Heads twice as likely as Tails.

6 Super Repeated pattern of period 9, Pattern itself

is random.
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7 Turbo Mostly Heads at first, then Mostly Tails at
end. Tends to produce too many long runs,
too few runs.

8 Whizz Number of Heads and Tails always equal to
within 1.

Expected behaviour of a Fair Machine

a) There should be about 50% Heads and 50% Tails,
but with variation.

Given N tosses the number of Heads (or Tails) is
likely to lie between N -VN and N + JN  and is
most unlikely to lie outsnde the ran%;e N - 1.5 J——
and N + 1.5 J—

b) The palrs HH, HT, TH, TT should occur roughly
equally often.

c) Given a total of N runs, about N/2 should be length
1, N/4 length 2, N/8 length 3, and so on ...
Given N tosses about evenly split H/T, the number

of runs should nurl:nally lie between:
N+1: 82N + 2|
L

approximately.

d) There should be a variation of numbers with fresh
trials.

e) There should be no pattern.

References

Conover W J: Practical Nonparametric Statistics. (Wiley
International, 1971)

Spiegel S: Nonparametric Statistics for the Behavioral
Sciences. (McGraw-Hill, 1956)
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CID

The Cosmic Information Detector

This program is similar to the CIA but is rather more
sophisticated, and is designed for use by 15-18 year old
school pupils or college students.

Context

The context in which this package is presented is as
follows:

Signals are being picked up from outer space, in binary
form, from several separate sources. The question is
whether a string of bits really does contain information
and so indicates an intelligent life form, or whether it is
merely 'random noise’'.

The student is asked to make a decision for strings
emanating from several sources, deciding which are
random and which may contain information.

What students have to do

Students select a source, generate a string of bits, using
the commands to analyse the data, and come to a
decision. It is important to note that the CID program
does not make any decisions - it provides the information
on the basis of which the students must reach decisions
for themselves.
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Nature of the data sources

Characteristics of the strings of bits from each source are
indicated below:

Source Name Description of data generated

Algol Usually repeats previous bit, giving too
many long runs and so too few runs
altogether.

Beta Random.

Comal Has a tendency to produce alternating

patterns but the strength of this varies
from run to run. (About 1 in 4 runs will
show no bias.)

Delta If the sequence 0l occurs it is always
followed by a 1.

Ego Random.

Forth Run length never exceeds 3. This leads to
too many runs altogether.

Gamma Random.
Huron Mostly 0Os at first, then mostly 1ls towards
the end. This usually leads to too many

long runs and too few runs altogether.

Inigo Numbers of 0s and 1ls is always equal to
within 1.
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Statistical Analysis

Analysis can include a probability report. This indicates
whether the statistic or distribution has an associated
probability above or below 1% and 5%. Details of the
actual statistical tests used within the program are given
in the 'Technical Notes' section below.

Technical Notes:
Statistical tests used for probability analysis

It is hoped that students will wish to learn more about
the statistical tests employed within the program, details
of which can be found in standard texts (e.q., Spiegel,
1956; Conover, 1971). The use of essentially
straightforward nonparametric tests makes this easier, and
every encouragement should be given to students to learn
of such tests and their uses.

No. Criterion Statistical Test

1  Frequency count of 0/1 Binomial

2 Pairs or Triples distribution Chi-square*

3 Distribution of number of 1s in Chi-square*

groups (2 to 5)

4 Number of runs Wald-Wolfowitz
runs test

? Run length distribution Chi-square*

* In cases where small numbers preclude the use of Chi-
square, the more robust Kolmogorov-Smirnov test is
employed.

References

Conover WJ: Practical Nonparametric Statistics. (Wiley
International, 1971)

Spiegel S: Nonparametric Statistics for the Behavioral
Sciences. (McGraw-Hill, 1956)
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DOUBLE-DOT

Dots are arranged in a rectangular grid. For example,
this is a 5 by 4 grid:

. . . 3 []

.

4
3
2
1

—
N
W

.

4 5

Each dot has a unique co-ordinate position. For example,
the dot with a ring round it is at (4,2).

The smallest size of grid permitted is 1 by 2 and the
largest is 20 by 20.

The _game

The game is played as follows. A dot is chosen at
random and a counter. is placed over the dot. This
process is repeated until TWO counters have been placed
over one dot, i.e., the game ends once a dot has been
selected twice.

What a player has to do is to predict accurately how
many counters are required to complete the game. The
number can of course vary; it could be as low as 2 or as
high as the number of dots in the grid plus one. Both
extremes are unlikely! (The computer asks for two
predictions, so the game is suitable for one or two
players.)
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Accuracy of predictions

The computer will give predictions an accuracy score in
percentage form, 100% being exactly right.

Getting Started

It is wise to begin with a small grid (e.g., 2 x 2) and
increase to larger sizes.

Recording Results

Pupils should keep a record of results on the RESULTS
sheet. Then they can draw graphs to show the
relationship between 'number of dots in the grid' and
‘average number of counters needed to complete a game'.
Also the distribution of 'number of counters needed' can
usefully be investigated and graphed.

Further Work

Analysis of the data generated should be encouraged and
could take many forms. A worksheet is provided
containing some suggested problems. This leads on to
MULTI-DOT.

Running the program

At the commencement of .each run the following inputs
are requested:

Width of Grid (1 to 20)

Height of Grid (2 to 20)

Number of Games (1 to 100)

Speed (1 to 5)

Number of counters needed: Prediction 1

Prediction 2
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Results
After each run the following results are displayed:

Grid Size:

Dots in grid:

Games played:

Most counters:

L east counters:

Average number of counters:

Prediction 1:
Prediction 2:

Accuracy 1:
Accuracy 2:

Frequency Table of results (optional)

A note on combining results

Note that a series of games may be played together (by
choosing 'Number of games' to be greater than 1). In
such a case the computer will calculate an ‘average
number of counters needed' automatically, ready for
noting down for later graphing. Care is needed if data
from several such series of games are to be combined to
give an overall average.

The weighted average is needed: e.qg., given 1 game,
average 9; 3 games, average 12.,33; and 6 games, average
13.5; the true mean is

1x9+3x1233+ 6 x 13.5)/10 = 12.7
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A link with mathematics

The game has strong links with the famous 'Birthday
Problem': "How many people do you need in a room for a
50% chance of at least two people having a common
birthday?" The answer is a surprisingly small number - a
counter-intuitive result. It is hoped that use of Double-
Dot might lead to an intuitive appreciation of the
Birthday Problem. It can most closely be simulated by
choosing a 19 x 19 grid, since 361 is close to the number
of days in a year. There are numerous references to the
Birthday Problem, which has been fully analysed and some
are given below,

References

a 'Understanding the Birthday Problem', Mathematics
Teacher, Vol 55, 1962, pp 322-325

b F Mosteller: Fifty Challenging Problems in
Probability. (Addison-Wesley, 1965)

c A F Bissell: 'Breakdowns and Birthdays'. Teaching
Statistics, Vol 2 No 1, 1980, pp 15-18

d D Wilkie: 'Birthdays and Breakdowns Revisited'.
Teaching Statistics, Vol 3 No 1, 1981, pp 17-21

e T R Knapp: 'The Birthday Problem' ... Teaching
Statistics, Vol 4 No 1, 1982, pp 10-14

f D R Green: 'How Probability Pays'. Mathematics in
Schools, Vol 10 No 2, 1981, pp 23-24
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An Analysis of the Birthday Problem

Matching Birthdays

Given a class of pupils, what is the probability that no
two have the same birthday? How large must the class
be to give a better than even chance of a matching pair
of birthdays? In order to answer this a simplifying
assumption will be made. Its significance will be
discussed later. We assume that each year has 365 days
and birthdays are equally distributed over all these 365
days.

Suppose there is just one spupil (i.e. n=1), then the
probability of no match is %—%g, because all 365 days may
be the pupil's birthday. If n=2 then the second pupil's
birthday can fall on any of 364 days. The probability of
no match is 222 x 2£%. Similarly if n=3 the third pupil's
birthday can fall on any of the l;_emaining 363 free days.
T o3& @i
The probability of no match is s X %Es‘x 3&35'
The pattern is now clear, and for the general case of n

pupils (n=s 365):
365 x 364 X ...(365-n+1)

Probability of no match =
(365)"

These probabilities can be quite easily computed on a
calculator, as indicated on Table 1.
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No of Prob no No of Prob no
pupils matches pupils matches
1 1.000 21 0.556
2 0.997 22 0.524
3 0.992 23 0.493
4 0.984 24 0.462
5 0.973 25 0.431
6 0.960 26 0.402
7 0.944 27 0.373
8 0.926 28 0.346
9 0.905 29 0.319
10 0.883 30 0.294
L1 0.859 31 0.270
12 0.833 32 0.247
L= 0.806 23 0.225
14 0.777 34 0.205
15 0.747 35 0.186
16 0.716 40 0.109
17 0.685 45 0.059
18 0.653 50 0.030
19 0.621 60 0.006
20 0.589 70 0.001
TABLE 1

It can be seen that once n=23 there is a more than even
chance of a match occurring, and a normal class (n=30)
gives odds of 7:3 on at least one matching pair of
birthdays.
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Month Births Actual Expected Sign of
% % Difference
A% - E%

1968

Jan 68 956 8.42 8.47 =
Feb 66 831 8.16 7.92 +
Mar 74 8Bé 9.14 8.47 +
Apr 69 340 8.46 8.20 +
May 72 360 8.83 8.47 +
June 68 173 8.32 8.20 +
July 69 409 8.47 8.47 0
Aug 69 113 8.44 8.47 -
Sept 65 825 8.03 8.20 =
Oct 66 281 8.09 8.47 -
Nov 62 744 7.66 8.20 -
Dec 65 354 7.98 8.47 -
1978

Jan 46 553 7.81 8.49 -
Feb 44 300 7.43 71.67 -
Mar 51 527 8.64 8.49 +
Apr 48 776 8.18 8.22 =
May 51 121 8.57 B8.49 +
June 49 375 8.28 8.22 +
July S50 600 8.48 8.49 -
Aug 51 296 8.60 B.49 +
Sept 52 691 8.83 8.22 +
Oct 51 554 8.64 8.49 +
Nov 48 380 8.11 8.22 -
Dec 50 245 8.42 8.49 =

TABLE 2
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The assumption that each day of the year has as many
birthdays is known to be false, but how inaccurate is it?

In order to throw some light on the matter data from the
HMSO publication Birth Statistics has been extracted and
analysed and is presented in Table 2.

It can be seen that there is some variation, favouring
Spring or Summer, but this is not so marked as some
might imagine. The picture is, of course, complicated by
the fact that there are long-term trends (compare the
1968 total of 819,272 with that for 1978 596,418, for
example). We have established, then, that there are
indeed differences depending on the time of the vyear.
What effect will that have on the conclusions we reached
using the approximate model?

If we take the very extreme case when all births occur in
the period February to July, and none at all in the other
months, then clearly the incidence of matches will be
increased considerably. This suggests that variation from
the equal spread of births will tend to increase the
matches, and so an even smaller number of pupils in a
class will be necessary to exceed the 50% chance of a
match occurring. To demonstrate this with, say, the 1968
data would be extremely difficult. A computer simulation
would be a good approach, but that will not be attempted
here. The fact that a few pupils are born on February 29
will tend to reduce slightly the likelihood of matches
occurring, tending to offset to a small extent the effect
of the variation in distribution of birthdays.

References

1 Green, D R: 'How Probability Pays', Mathematics in
School, 10, 2. (March 1981)

2 Birth Statistics.  Office of Population Censuses and
Surveys, London. (HMSQ, 1980)
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MULTI-DOT

This is essentially the same as DOUBLE-DOT except that
the repetition level need not be 2 to end the game but
may vary from 2 to 9.

The game

A dot is chosen at random and a counter is placed over
the dot. This process is repeated until a predetermined
number of counters, n, have been placed over one dot,
i.e., the game ends when a pile of counters on any dot
reaches a size n. The number n can be chosen to be
from 2 to 9. The case n = 2 is equivalent to the simpler
game 'Double-Dot'.

What the player has to do is to predict accurately, how
many counters are required to complete the game. The
number needed can, of course, vary; it could be as low as
n or as high as n times the number of dots in the grid
plus one. Both extremes are unlikely!

Accuracy of prediction

The computer will give the prediction an accuracy score
in percentage form, 100% being exactly right.

- 21 -



Running the program

The following inputs are requested:

Width of grid 1 - 20)
Height of grid (2 - 20)
Number of games (1 - 100)
Speed 1 = 5}
Pile size to end game (2 -9

Is screen display wanted (This can be switched off to
speed up the computations)
Is printer output wanted (You won't usually want this)

Prediction?
Results
Following each run the following results are displayed:

Grid size

Pile size to finish game
Games played

Maximum counters needed
Minimum counters needed
Mean number of counters
Standard deviation

Your prediction

Your accuracy

Frequency Table of results (Optional)

Mathematical analysis of Multi-Dot is unknown, except for
the case when pile size is 2.
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LIGHTS

Introduction

This program simulates the burning out of individual light
bulbs which are grouped in banks of six. There are 30
such banks, giving 180 bulbs in all, On selecting a
number (between 20 and 150), bulbs burn out one at a
time until the selected number have burned out, then the
whole 180 bulbs are replaced.

The important feature of this simulation is the distribution
of burnt out bulbs. (Attention should be drawn to the
unevenness of this.)

Many questions can be investigated. For example:

a) With 30 as the replacement level (i.e., 30 bulbs to
burn out) do we see one burned out in each of the 30
banks, or rather do some banks have all their bulbs
intact whilst others have two or three (or more)
burned out? What are the proportions?

b) If the replacement level is 60 do we risk having more
than half the bulbs in some bank burn out?

c) If we think of the banks of lights as situated over
individually partitioned offices in a large insurance
company, for example, what might be a maximum
tolerable number burned out in a single bank? What
replacement level should ensure this is not exceeded?
What is the associated risk?
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d) Is the pattern obtained for a replacement level of 80
merely that for 40 with double the numbers?

e) Are bulbs in some positions within banks (e.qg., bottom
right) more vulnerable to burn-outs than those in other
positions?

f) If the replacement level is 75, how likely is it that no
bank will have its full complement of bulbs working at
the end?

g) If the replacement level is 100, how likely is it that
at least one bank will have no bulbs working at the
end?

Pupil Sheets

Clearly this program can be used in various ways for in-
vestigative work, by individuals, groups, or the class
together.

A Worksheet is provided, together with a Data Sheet for
tabular and graphical results. Note that three Data
Sheets are required to complete the work. This should be
taken as being one suggested approach rather than a
definitive procedure which must be followed. Initially
there is no mention of percentages and pure numbers are
used. However, it is essential to introduce percentages by
Stage 2 part (g), in order to compare properly the
patterns of the distributions.

Repeatable or Unrepeatable

There are two modes of operation. With 'Repeatable’ the
same pseudo-random sequence will occur every time the
program is run with the same replacement level. With
'Unrepeatable' an unpredictable sequence occurs each
time.
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ROLLERBALL

Introduction

ROLLERBALL consists of four separate programs: the
DESIGN program allows the user to design a set of
channels which have funnels at the top and boxes at the
bottom; the PLAY program allows the user to roll balls
down the channels. (The balls are put in at the funnel(s)
and are caught in the box{es)); the ANALYSE program
provides a probability analysis for the channel design and
the FILE-LISTER program provides useful data on all the
designs which have been saved on the disc.

DESIGN Program Commands

D DESIGN Displays the ten basic shapes for building
channels. A selected shape is moved into
position with the Arrow keys, drawn using
COPY, or deleted using DELETE.

E ERASE Eradicates a single shape previously added
to the design.

R REDRAW Redraws the current design.

M MOVE Moves the whole design about the screen,
using the Arrow keys.

K KILL Eradicates the current design.
L LOAD L.oads a previously saved design.
S SAVE Saves the design on to a disc using a

filename (maximum 7 characters)
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F FILES Lists the design files stored on the disc.

P PLAY Calls up the PLAY program. If there is a
design already "on screen", then this is
automatically transferred to the PLAY
program.

A ANALYSE Calls up the ANALYSE program.
(Automatic transfer operates.)

Q QUIT Finishes the program.

Designing Channels

The individual shapes should not overlap nor should there
be gaps. All the paths should lead from a funnel down
into a box. (Although these rules may be violated, the
outcome is unpredictable!) A design may incorporate
several starting funnels, and must have at least one.
Normal usage will be one funnel.

PLAY Program Commands

P  PLAY Rolls balls down the channels, and counts
frequencies.

A ANALYSE Calls up the ANALYSE program.
D DESIGN Calls up the DESIGN program.
R REDRAW Redraws the current design.

L LOAD Loads a previously saved design.
S SAVE Saves the current design.

Q QUIT Ends.
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Playing Rollerball

The following questions are posed when a channel design
has been loaded or drawn and PLAY mode has been
selected.

Single funnel (This only arises if the design has more
or ALL? than one funnel.)

The user can insist that all the balls go
down one funnel or that all funnels have
the same chance. If a single funnel is
wanted, the funnel can be selected by
the user or randomly by the computer.

How many balls? Acceptable range is 1 to 10,000,

Random or If 'Random' is selected the computer

Controlled? decides (using pseudo-random numbers)
which way a ball should go at a
junction.

If 'Controlled' is selected the user has
the option of deciding the path taken by
each ball at each junction. As the ball
reaches each junction a question mark
appears there and the user decides Left,
Right, or Either.

Fair or Biased? (This only arises if 'Random' has been
selected.) . The user may decide the
percentage chance that the ball will go
Left at the junction. This can range
from 0% to 100%. Selecting 'Fair' gives
50%, of course.
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Speed (1 to 5)? (This only arises if 'Random' has been
selected.) Speed 5 is the fastest and
does not actually draw in the balls at
all. Speeds 1 to 4 show the paths of
the balls.

Reset Counters? This arises after the first run. The
Program allows the user to have a
cumulative score, adding to the previous
result, or to begin afresh.

ANALYSE Program Commands

A ANALYSE For each box, calculates probability of a
ball finishing in that box.

REDRAW Redraws current design.
LOAD Loads a design.

SAVE Saves current design.
DESIGN  Calls up DESIGN program.
PLAY Calls up PLAY program.
QUIT Ends.

@ VO wIrXxX

Analysing a Channel Design

For each box the probability of a ball finishing in that
box is calculated. If the design has more than one
funnel, the analysis can be made for either one selected
funnel or assuming all funnels are used. The analysis can
be made for the 'Fair' or 'Biased' cases. If 'Fair' is
selected, the probability of the ball going Left or Right
at each junction is 50%. If 'Biased' is selected, the user
inputs the percentage chance of the ball going Left.
(This  value is assumed to be the same for all the
junctions.)
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FILE-LISTER Program

This provides information about the disc being used.

a It indicates the total number of sectors on the disc
and how many are unused. These free sectors may
not be all together but dotted about the disc. To
collect together all the free space use *COMPACT.

b It indicates how many file names can be added to the
Catalogue (31 is the maximum permitted).

c It gives details of the names and sizes of all channel
designs stored on the disc. (It lists out all files in
directory R.)

d It indicates whether the channel design files are
locked or not.

Using ROLLER-BALL

There are two main ways in which ROLLERBALL can be
used:-

a Asking students to design and experiment with their
own channel systems.

b Asking students to study the teacher's own designs.

In either case the objective is to encourage the students
to analyse the design and thereby attempt to predict
outcomes and test their hypotheses using either the PLAY
or ANALYSE facilities. Some suggestions are provided on
a separate WORKSHEET, and a DATA SHEET is provided
for recording results.
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TECHNICAL NOTES

a

Files saved by the user are in directory R: e.q., the
file 'FRED' is stored as 'R.FRED', but it is referred
to within the program simply as 'FRED'.

The temporary file 'TEMP' is saved in directory T,
i.e.,, as 'T.TEMP'. This is used as a temporary store
when a design, which has been called up, or made, in
one program (e.g., 'DESIGN'), is needed in another
program (e.g., 'PLAY' or 'ANALYSE'). This is an
automatic process.

Files saved by the user are unlocked - and so can be
overwritten. They may be locked for security, in the
usual way (using *ACCESS Filename L) but not while
using ROLLERBALL.

The sample files, named DESIGN1 and DESIGN2, are
included on the disc. They are locked. To unlock
them use *ACCESS DESIGN1 and *ACCESS DESIGN2.
To delete them use *DELETE DESIGN1 and *DELETE
DESIGN2,

The sizes of files and spare space on the disc, as
calculated by the FILE-LISTER program, are given in
base 10. (This is in contrast to the *INFO and
*COMPACT commands which use hexadecimal.)
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SAMPLER

Introduction

This program illustrates how sample means are distributed
when random samples are taken from a parent population.
This demonstrates the validity of the Central Limit
Theorem. The theory predicts that, if samples of size 1
are taken, then the sample means will have the same
distribution as the parent population. However, when
larger sized samples are taken, the distribution of sample
means will approximate to that of the normal (bell-shaped)
distribution. The larger the sample size (and the larger
the number of samples taken), the better should be the
approximation. The distribution of sample means will
centre on the parent population mean, whatever the
sample size. The larger the sample size the less will be
the spread of the means.

Example

Mean

qg

Distribution of samples n = 1

.

Mean

\

/

Mesn

Parent Population
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Usage

The program can be used in two main ways:
1 by the teacher to illustrate or explain the theory.
2 by the pupils to explore the theory.

Provided populations

There are five parent populations provided:

Rectangular
Skew
Bimodal
Bell-shaped
U-shaped.

o n0oco

User's own populations

A separate program (the 'SAMPLE GENERATOR') is
provided which enables the user to input his own parent
population data, for subsequent sampling. Up to 120
items may be entered by specifying frequencies for ten
class intervals (1-4, 5-8, ..., 37-40).

The Generator then randomly assigns individual values to
the elements in the class intervals, and saves the data
file on disc.

Listing the data files

A separate program (the 'SAMPLE FILE-LISTER') is
provided which lists all population data files and indicates
the space available on the disc.
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Technical Notes

The supplied population data files are all locked and held
in directory S. The user's own data files are also held in
directory S but are not locked. The user can lock them,
but not from within the SAMPLER programs, using
*ACCESS filename L. They may be deleted (if unlocked)
using *DELETE filename.

The spare space on a disc may be scattered about. It
can be located all together by using *COMPACT.

Running the Sampler Program

1 On starting the program the choice between
instructions (I) and running (R) the sampler program is
given.

2 A request to specify the Sound Level then follows.

3 Then one of the parent distributions is to be selected.
The complete menu displayed is:

Rectangular

Skew

Bimodal

Bell-shaped

U-shaped

Other (i.e., user-defined data previously entered
using the GENERATOR)

SNV B WM -

Instructions
File-Lister
Sound Level
Exit

mw M=

.



When a distribution has been selected it is displayed in
both tabular and graphical form. Inputs are then
requested as follows:

a Size of each sample (1 to 100)

b How many samples? (1 to 9999)

c Histogram built up on screen (Y/N)?
d Pause after each sample (Y/N)?

Notes

a If a very large number of samples is selected, then
this may take many minutes to complete.

b The choice is given between plotting each individual
sample mean as each sample is taken or just plotting
the overall histogram at the end. (The latter is
quicker but less informative.)

c It can be useful to study each sample and the pause
facility permits this. The 'pause' mode can be
cancelled at any stage, whereafter the program reverts
to 'autorun' mode.

d Sampling is with replacement. This means that the
same number may be picked more than once in a
single sample.

e All standard deviation calculétions use the formula

\/ sum of squared deviation
n
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SEEDS

Introduction

The purpose of this program is to provide experience of
random and non-random phenomena. The context is as
follows:

Many thousands of seeds of a particular flower have been
sown in 30 identical seed boxes. The seeds very rarely
germinate, so only a few seedlings are produced. Since
the conditions are supposed to be identical in all boxes,
one will expect that each flower which grows will be as
likely to appear in any one seed box as in any other.
This will tend to produce uneven clusters of growth -
some boxes with no flowers, others with 1 or 2 or maybe
3 in them. There will be no particular bias towards any
one group of boxes.

The 12 'Pictures'

Choosing option SEEDS A, SEEDS B, or SEEDS C will
allow the wuser a choice of twelve pictures to be
displayed, showing flowers in particular positions. Most of
these pictures exhibit some form of non-randomness.
Pupils are required to determine which germination
patterns are natural and which are abnormal.

Characteristics of the three options

SEEDS A The number of flowers is fixed at 20. The
'start type' is 1. This means that the random
number generator is reset to the same fixed
value for each run. Thus the pattern is always
the same for a given picture.
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SEEDS B The number of flowers is fixed at 30. The
'start type' is 3. This means that the random

number generator is reset to a randomly
selected number for each run. Patterns
therefore will not usually be repeated.

SEEDS C The number of flowers may be chosen to be
between 20 and 40.

The 'start type' may be chosen to be 1, 2 or
3.  With 'start type 2', the random number
generator is reset to the same (randomly
selected) number for each run. This means
that repeats of the same pattern occur with
repeated selection of the same picture but
when the SEEDS program is called up afresh
via the menu (i.e., by using SHIFT-BREAK) a
different repeatable pattern will most likely
arise.

Using the Worksheet

Only 'SEEDS A' and 'SEEDS B' are referred to in the
supplied worksheet. 'SEEDS C' is for use under the
teacher's own direction, possibly with individually devised
worksheets.

'SEEDS A' can provide a useful introduction to ideas of
randomness (independence, fairness) but, since it always
provides the same pattern for a given picture, it only
gives a ‘'snap-shot’ of a large number of possible
situations.  This repetitive feature is useful in that the
teacher can know in advance what will happen, and
nothing strange will occur (which it might otherwise), and
all pupils will experience exactly the same thing.
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On the other hand 'SEEDS B' is much more useful for
testing hypotheses which may have arisen initially from
using 'SEEDS A'. Repeated runs of a single picture will
usually generate different patterns but these patterns may
well exhibit common features or characteristics. Thus the
pupil may be able to decide after a few trials whether or
not the patterns generated from a given picture represent
a truly random phenomenon.

If a truly random process is involved (within the
limitations of the program and the computer's pseudo-
random number generator), each flower should be as likely
to appear in any one box as any other. The distribution
of the flowers in the boxes will vary, of course, but the
results given below are typical of what to expect.

No. of flowers No. of boxes containing this no. of flowers

grown 0 1 2 3 4
20 15 11 3 1 -
25 12 12 5 1 -
30 12 10 5 2 1
35 8 13 6 2 1
40 6 13 7 3 1

Class Discussion

Discussion is to be encouraged as much as possible.
Pupils generally lack experience in talking and thinking
about randomness and non-randomness. This activity may
be encouraged by having pupils work in pairs or groups.
Whole class investigations and discussions are also useful.

It is not necessary to insist upon a 'right' or 'wrong'

answer all the time - shades of opinion are welcome, just
as the degree of randomness may vary.
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There is some merit in carrying out actual practical
experiments to simulate the situation. Such physical

activity is far more likely to convince a pupil than any
computer simulation. Indeed the practical experiment may
be seen to validate and verify the computer simulation.

Practical Experimentation

Each position on the 6 by 5 grid (of seed trays) can be
represented by an ordered pair (x,y). Using two
distinguishable dice, a throw of the dice can represent the
germination of a seedling in the given square. (If the y
value thrown is 6 then that die is re-thrown until a valid
number occurs.) The results can be recorded on a data
sheet, each flower being represented by a cross or an
asterisk., Once the required number of flowers has
appeared, the table of results can be completed.

Having obtained several sets of results, the characteristics
of such random behaviour should become clear and then a
comparison with the computer simulation results made.
This should verify that pictures 3 and 9 represent such a
random phenomenon whereas the other pictures do not.

Characteristics of the 12 Pictures

Picture 1 Almost always 2 flowers per box, in a
diagonal pattern. (Fixed data.)

Picture 2 Whole or part of a rectangular pattern.
(Fixed data.)

Picture 3 Random. (Computer generated data.)

Picture 4 Almost no flowers in the two centre
columns. (Fixed data.)
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Picture 5

Picture 6

Picture 7
Picture 8
Picture 9
Picture 10

Picture 11

Picture 12

Always a very even distribution across the
six columns (i.e., column totals equal or

nearly equal). Row positions are random.
(Computer generated data.)

A very even distribution. (Each box gets
one flower before any gets a second flower.
None gets three.) (Fixed data.)

A strong diagonal bias. (Fixed data.)
No flowers in the centre row. (Fixed data.)
Random. (Computer generated data.)

A strong bias away from the outer boxes.
(This may not be obvious visually. Note that
there are 18 outer boxes and only 12 inner
boxes but most flowers grow in the inner
ones.) (Computer generated data.)

Biased towards the left. (Computer
generated data.)

Biased towards the top. (Computer
generated data.)

Technical Note on the Fixed Data

The pictures 1, 2, 4, 6, 7 are produced by fixed data.
This data consists of x,y co-ordinate pairs (x:0-5, y:0-4) on
DATA lines in the main program 'SEEDS2':-

Picture
Picture
Picture
Picture
Picture

SNOE N R

line 10010 (50 pairs)
line 10020 (50 pairs)
line 10030 (50 pairs)
lines 10040-10042 (90 pairs)
line 10050 (50 pairs)

These may be altered by the teacher but the line numbers
should be preserved as they are referenced in the program
at lines 270-310.
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PROBABILITY AND STATISTICS PROGRAMS
for the BBC Micro

by Dr David Green
with R P Knott, P E Lewis and J Roberts

This pack for use with the BBC Micro Model B
contains nine programs on disk (single-sided, single-
density 40 track), and is designed for use by pupils
aged 11-18 years.

It offers a variety of investigational programs which
enable the pupil to explore easily understandable
situations which embody chance events. Their open-
ended nature ensures that they can be profitably
used with a wide range of ages and abilities.

Concepts covered include bias, fairness, randomness,
sampling, statistical significance, and tree diagram
representation. The contexts include equipment
failure, seed germination, the 'matching birthdays'
problem and extensions, cointossing machines, and an
interactive program for designing a channel system
down which balls may run, which allows rolling the
balls and comparing the empirical and theoretical
probabilities.

Distribution is by Capital Media whose policy is to
make educational software available to schools at
the lowest possible price commensurate with quality
of product and service. Additional copies of the
pack are available from:

CAPITAL MEDIA

c/o ILECC, John Ruskin Street, London SES5 OPQ.

Produced for the

Microelectronics Education Programme \\e\f,,,(
\ g
S
by &
'I\\?

ISBN 0 7085 9892 7




